Epidemiologic and clinical studies of pregnancy outcome often consider a variety of related, overlapping outcome measures. The overlap among these measures was analyzed using data from the Mount Sinai Hospital Perinatal Data Base, New York City, New York. A total of 52,621 births from 1986 through 1996 were included, with information on gender, ethnicity, birth weight, and gestational age assigned based on last menstrual period or early ultrasound. The authors considered very low birth weight (VLBW) (<1,500 g), low birth weight (LBW) (<2,500 g), degrees of preterm delivery (less than 32, 34, and 37 weeks' gestation), and small for gestational age (less than the 10th percentile of weight for gestational age) births. Infants at the extremes of gestational age (<32 or 34 weeks' gestation) were almost always LBW (97.6 and 91.7%, respectively), and those who were VLBW were almost always preterm (99.2%). However, only 69.2% of LBW infants were preterm, and 50.2% of preterm infants were LBW (kappa = 0.54). Only for VLBW and less than 32 weeks' gestation were both measures of overlap at least 70% (kappa = 0.98). The lack of concordance among measures suggests that multiple outcome measures be considered and that results from analyses using disparate measures not be compared directly. Am J Epidemiol 2000;151:627-33. birth weight; fetal growth retardation; gestational age; infant, low birth weight; infant, premature
Epidemiologic and clinical studies of pregnancy outcome often consider a variety of related, overlapping outcome measures (such as birth weight or duration of gestation) or indices derived from those measures (such as term low birth weight (LBW) (infants weighing <2,500 g) or small-for-gestational age (SGA) births). Infants who are small or are born earlier have increased morbidity and mortality, and the more extremely early or small they are, the higher the risk (1) . Biologic considerations suggest separating indicators of reduced fetal growth (such as low weight for gestational age) from measures of gestational duration (such as preterm delivery), although even these may be related, for example, if limited fetal growth stimulates parturition (2) . LBW, historically the most commonly used measure, represents a mixture of babies who are normal but small, small because of being born too early, and small because of having suffered from stunted fetal growth (3) . Pathways leading to small size at birth appear to have distinctive causes (4, 5) and consequences (1, 6, 7) for infant health.
For identification of preventable causes of adverse pregnancy outcome, the categories should be as homogeneous as possible, ideally isolating causal pathways from one another. Although understanding of etiologies and mechanisms is presently insufficiently advanced to define distinctive endpoints for analysis, we can examine the extent to which candidate measures are statistically distinctive. If measures that seem conceptually distinct define the same infants, they are functionally equivalent. Only if measures identify different infants might they be worth distinguishing in epidemiologic studies. For example, if essentially all very low birth weight (VLBW) (< 1,500 g) infants were severely preterm (born prior to 32 weeks' completed gestation) and vice versa, there would be little practical value in analyzing those as separate measures. On the other hand, if the infants identified as preterm (born prior to 37 weeks' completed gestation) were often not of LBW or vice versa, then they might be indicative of different etiologic pathways and worthwhile to examine separately. The concordance would need to be symmetrical for the outcomes to be functionally equivalent; it is not sufficient for one measure to subsume the other unless the reverse is also true.
Since there is presently no standardization of methods for classifying pregnancy outcomes in the literature, any attempt to integrate results across studies, whether through formal meta-analysis or conventional literature review, requires judgment of which measures are statistically interchangeable and which are not. To provide guidance to investigators who are selecting and constructing pregnancy outcome measures and to help in the interpretation of published studies that use diverse indices, we have examined the concordance among an array of commonly used measures of gestational duration, infant size, and their combination.
MATERIALS AND METHODS
Births occurring between January 1986 and December 1996 in the Mount Sinai Hospital Obstetric and Perinatal Data Base, New York City, New York, were analyzed. Starting with 53,675 singleton pregnancies, we excluded 312 fetal deaths; 43 infants with missing data on race/ethnicity; 685 of ethnicity other than Black, Hispanic, Asian, or White; six of ambiguous gender; three with missing data on gender; and five with missing data on birth weight (1,054 in total), leaving 52,621 in the analysis. For the analysis of SGA births, 430 infants born prior to 25 weeks or after 42 weeks were omitted as well. Information was compiled on race/ethnicity (Black, Hispanic, Asian, or White), gender, birth weight (g), and gestational age at birth.
Commonly used measures of pregnancy outcome were constructed from the information on birth weight and gestational age. We considered two indices of birth weight: VLBW (< 1,500 g) and LBW (<2,500 g). Gestational age was estimated based on last menstrual period if it was within 2 weeks of the estimate based on ultrasound before the third trimester, as described elsewhere (8) . If the woman was uncertain of her last menstrual period or if the disparity was greater than 2 weeks, then the gestational age was based on ultrasound assessment. When neither last menstrual period nor ultrasound was available, the estimate was based on the clinical evaluation by the obstetrician. The final assignment was based on last menstrual period dates in 69.1 percent of births, ultrasound in 29.3 percent of births, and clinical estimate in 1.6 percent of births in the study population. Gestational age was categorized as less than 32, less than 34, less than 37, and 37 or more weeks. Birth weight and gestational age were combined to define SGA based on US national standards (9) specific to gender and race (with Black norms applied to Hispanics and White norms applied to Asians).
Concordance was examined by cross-tabulating outcome measures for the total population as well as separately by ethnicity and gender. We quantified the proportion of births in one group that also met the criterion for another outcome group, e.g., the proportion of births less than 37 weeks gestation that were less than 2,500 g and the proportion of births less than 2,500 g that were less than 37 weeks gestation. We examined VLBW, LBW, and size for gestational age in relation to duration of gestation and vice versa. To summarize the relation between selected pairs of measures, we calculated kappa coefficients and 95 percent confidence intervals (10) , conceptualizing the two measures as alternative indicators of the same event and quantifying the extent to which the two outcomes coincide after taking into account the agreement expected by chance alone.
RESULTS
The study population is a mix of women who are from the neighborhoods around Mount Sinai Hospital and patients from a broader area of Manhattan. As described in a previous report (8) , among term births most of the patients were between 20 and 34 years old, with only 9 percent less than age 20 years and 22 percent age 35 or older, two thirds were private patients, and one-third were public clinic patients. Slightly over half were nulliparous and only 4 percent were of parity four or higher, 7 percent smoked during pregnancy, 61 percent began prenatal care prior to 13 weeks' gestation, and diabetes and hypertension were reported in 6 and 5 percent, respectively.
Black and Hispanic patients were represented in sizable numbers (tables 1-3), although over half of the patients were White. Among all births, 7.1 percent were LBW, with higher proportions found among Black and Hispanic patients, and among females compared with males (table 1). The same excess risk among Blacks and Hispanics was found for preterm birth as well and was most pronounced for the earliest preterm births (table 2) .
Concordance among measures is presented in figure 1 for the total population, aggregated across gender and ethnicity groups. The arrows across the rows indicate the proportion of those meeting the row attribute who also meet the column attribute, e.g., of those infants who weigh less than 1,500 g (VLBW), 88.4 percent were born prior to completing 32 weeks' gestation, 95.5 percent prior to completing 34 weeks' gestation, etc. Similarly, the column arrows indicate the proportion of those who fall into the column who also meet the row attributes, e.g., of those infants who were born prior to completing 32 weeks' gestation, 71.0 percent weighed less than 1,500 g (VLBW), 97.6 percent weighed less than 2,500 g (LBW), etc. The magnitude of overlap among pregnancy outcome measures depends strongly on the severity of prematurity and size (figure 1). Those at the extremes of gestational age (<32 or <34 weeks) are almost always LBW (<2,500 g), and those who are VLBW are predominantly preterm (<37 weeks' gestation). However, with less restrictive criteria for preterm delivery (<37 weeks' gestation) and LBW (<2,500 g), the overlap is far more modest, with 69.2 percent of LBW infants also preterm and 49.8 percent of preterm infants also LBW. There are marked asymmetries in the extent to which one measure subsumes the other when an extreme criterion for size or gestational duration is used but a less restrictive criterion is used for the other. For example, among VLBW infants, 99.2 percent are preterm, whereas only 12.2 percent of preterm infants are VLBW. Only for the measures of VLBW and birth at less than 32 weeks' gestation are both measures of overlap at least 70 percent, with none of the other cells defined by the intersection of LBW and reduced gestational age both greater than 50 percent.
Since a modest proportion of births overall are either preterm or LBW, being classified as normal on one criterion is strongly predictive of being classified as normal on the other. Of infants born at term, 97.5 percent weighed 2,500 g or more, and of those born weighing 2,500 g or more, 94.8 percent had completed at least 37 weeks gestation. For this reason, quantifying the concordance in a single measure must take into account the level of agreement expected by chance; hence, the use of kappa statistics (table 4) . Based on these measures, the agreement between VLBW and birth at less than 32 or less than 34 weeks is very high, with moderate agreement of LBW with births at less than 32, less than 34, and less than 37 weeks' gestation and lower agreement between LBW and SGA.
Classification of SGA is intended to be independent of gestational age, and there is only a small tendency for SGA births to be preterm to a greater extent than are non-SGA births (12.3 vs. 9.0 percent) (data not shown), with deviations from exactly 10 percent reflecting an imperfect correspondence between the distributions observed in the study population compared with the reference population. The predictiveness of SGA for VLBW and especially for LBW is much greater, with 38.5 percent of SGA births being LBW compared with 4.1 percent of non-SGA births (figure 1). Similarly, LBW is predictive of being SGA, with 45.7 percent of LBW births qualifying as SGA. Only when the hybrid index of "term LBW" is constructed are the measures nearly equivalent, with 96.0 percent of such infants classified as SGA (data not shown).
Another hybrid index sometimes used is "preterm LBW (11), combining shortened gestation with small size in order to exclude erroneously classified term infants. Preterm LBW births represent 67.7 percent of all LBW infants and 49.8 percent of all preterm infants 95.9 FIGURE 1. Predictions of low birth weight, preterm birth, and SGA (less than 10th percentiie of weight for gestational age) with each predicted by the other categories. Results are based on 52,621 births from Mt. Sinai Hospital, New York City, New York, 1986-1996. Arrows designate the proportion of those who have the attribute indicated in the column or row heading and who also have the attribute in the intersecting column or row. For example, of all births less than 2,500 g (row 2), 32.6% are also less than 34 weeks gestation; of all births less than 34 weeks gestation (column 2), 91.7 percent are less than 2,500 g. (data not shown). Among preterm LBW infants, 21.8 percent were classified as SGA.
Because the size distribution of births differs by gender and ethnicity, the pattern of overlap between measures of size and duration of gestation differs as well according to these characteristics (table 5) . Percent LBW provides an indication of the overall distribution of birth weights, with the lowest proportion among Asians and Whites and the highest among Blacks. Males are less often LBW (i.e., are larger on average) than are females. The proportion preterm among LBW births does not show a pattern by ethnicity, but there is a pronounced tendency for the proportion to be higher among males. A LBW male is more likely to be preterm than is a LBW female, which would be predicted since females are smaller at each gestational age. The proportion LBW among preterm births follows a much more consistent pattern: With the exception of Asian births, the gender and ethnic groups that are largest have the lowest proportions (table 5) . Those ethnic and gender groups that tend to be larger tend to have larger infants at all gestational ages, including those who are preterm, so that a smaller proportion of the preterm infants are LBW. For VLBW among preterm births, there is no consistent pattern by gender, but the excess among Black infants is clear. Even among preterm births, extreme small size and prematurity are more common than among Whites.
DISCUSSION
These data suggest that the extent of overlap or concordance among commonly used measures of pregnancy outcome is insufficient to create effective equivalence among them. On the basis of these patterns, no index of birth weight or gestational age is functionally equivalent to the other, with the most severely preterm VLBW infants coming closest. Even for this group, however, severe growth retardation and extreme prematurity have different consequences (7) . Certainly, for purposes of formal meta-analyses, only studies that use identical measures can be considered homogeneous, and even in less formal efforts to reconcile findings across the literature, disparate findings across studies may well result solely from use of different measures. Standardization of measures across studies would be optimal for the goal of being able to integrate findings.
LBW has long been recognized to be a heterogeneous category, given variation in gestational age among LBW infants. Yerushalmy (12) proposed a scheme for isolating reduced fetal growth that was argued to be more practical than applying percentiles to classify SGA. In his approach, group I is less than 1,500 g (regardless of gestational age), group II is 1,500-2,500 g and less than 37 weeks' gestation, group m is 1,500-2,500 g and greater than or equal to 37 weeks' gestation, group IV is greater than or equal to 2,500 g and less than 37 weeks' gestation, and group V is greater than or equal to 2,500 g and greater than or equal to 37 weeks' gestation. Such an approach iso-lates the extremely premature (group I), those who are small for dates (group IE), and the healthiest infants (group V). The "preterm LBW" infants (group II) and "preterm normal birth weight" (group IV) combine to include all but the most severely preterm infants, with the former likely to be at the lower end and the latter at the upper end of the gestational age spectrum, close to 37 weeks' gestation. Not surprisingly, these groups have distinctive mortality rates, but whether this scheme is more effective than one based solely on gestational age with finer gradations is unclear.
Around the same time as Yerushalmy's proposal, the classification of infants based on gestational age and percentiles of birth weight was made much easier to implement in clinical settings through nomograms (13) . By plotting the birth weight against the week of gestation, infants could be classified simultaneously as preterm, term, or postterm, and as small, appropriate, or large for gestational age. Over the intervening 30 years, the only important refinement may well be recognition of the need to subdivide preterm deliveries on the basis of extent of prematurity within the preterm range, given the marked gradients of perinatal mortality by week of gestation (1) . Duration of gestation is a strong predictor of infant survival, with additional information provided by considering relative birth weight.
Being born smaller and being born earlier each confer a disadvantage for survival, with the extremes most disadvantageous (14, 15) . In fact, the sharp gradients in survival in the lower range of the gestational age or birth weight distribution argue for either a focus on the most severe cases or at least a stratification by severity (1) . Previous studies have indicated that measures of weight or gestational age that isolate infants at the extreme are effective in predicting the group with very high mortality, encouraging use of measures that isolate preterm infants of varying levels of severity.
Another relevant question in choosing among measures is the extent to which predictors of one versus another differ empirically. Secular trends over the decade 1970-1980 show a marked decline in term LBW (effectively, SGA) (16) and modest declines for preterm LBW (which captures only half of preterm births, according to our results) (16) , but a lack of decline in preterm births in the aggregate (17) . These data suggest that infants are getting larger but not through extending the duration of gestation.
Analyses of risk factors for specific pregnancy outcomes defined by gestational age, birth weight, or their combination yield mixed findings with regard to the distinctiveness of the predictors. In a study of nutritional supplements and pregnancy outcome in Guatemala in the 1970s, different predictors were found for preterm births (lack of calorie or protein supplementation) versus SGA births (low maternal head circumference, low maternal weight) (4). Lang et al. (5) divided births into spontaneous preterm deliveries (labeled "preterm labor") and term SGA births to examine the patterns of association among a set of 23 potential risk factors. Preterm births were associated with an array of obstetric factors, which also predicted SGA births. However, additional predictors of SGA births were race, maternal height, and low prepregnancy weight, in addition to a stronger effect of smoking. When the array of findings is examined, the similarities are more impressive than the differences, suggesting either that many conditions affect growth and duration of gestation through independent pathways or that restriction of fetal growth might tend to result in preterm delivery or a small, term delivery (term SGA).
Limitations of the data used for these analyses should be recognized, including the inherent uncertainties in assessing duration of gestation (18) not fully remedied by use of ultrasound (19) . Recent evidence suggests that the magnitude of error in gestational age assessment may be substantial-often a full menstrual cycle off (20) . Therefore, independent of the true biologic discrepancy between growth and duration of gestation, there is a component due to error in measurement, principally in the gestational age estimate.
There is a potential influence of size on the clinical decision regarding the timing of delivery, through labor induction or cesarian section. For example, if the smallest of the infants of a given gestational age are preferentially delivered early, then the concordance between small and early will be artificially inflated. The decisions made by the obstetric care providers may have influenced some of the observed patterns.
Application of norms for Whites to classify SGA of Asian infants and application of norms for Blacks to classify Hispanic infants make the evaluation of size for gestational age among these ethnic groups somewhat suspect. As noted previously, despite efforts to isolate infants who have not realized their growth potential through the measure of SGA, the mixing of truly growth-retarded infants with those who are normal, but small, is an inherent problem (3).
On the basis of our analyses and those of other investigators (1, 3, 5) , the authors would discourage the analysis of LBW and measures that integrate birth weight and gestational age (e.g., term LBW, preterm LBW). Use of birth weight to correct for erroneous gestational age measurements may be beneficial in removing some term infants erroneously classified as preterm, but also undoubtedly excludes truly preterm infants who are relatively large. Independent measures of gestational age (using differing degrees of outpoints for prematurity, perhaps 32, 34, and 37 weeks) and SGA would be sufficient and would render the measures based solely on birth weight unnecessary. The more extreme categories of preterm birth would isolate groups increasingly certain to be truly preterm. Only at the extreme of VLBW, which corresponds closely to birth at less than 32 weeks' gestation, is there an unambiguous interpretation of birth weight as an indication of severe prematurity, and studies that are large enough to focus on the smallest, most premature infants can avert the error in gestational age estimation by focusing on birth weight. Since the biologic basis for choosing among measures remains elusive, further research to determine the relation of various measures to infant mortality and to evaluate the distinctiveness of predictors of pregnancy outcome is needed.
